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INTRODUCTION
Low back pain (LBP) and neck pain are major health problems in the working population and have considerable consequences for workers, employers and society. 1 2 Prevention of these symptoms is very important and can be categorised into primary, secondary and tertiary prevention. The aim of primary prevention is to prevent the onset of symptoms in a healthy working population, while secondary prevention seeks to aid recovery from early symptoms and reduce the risk of symptom recurrence. 3 However, due to the high lifetime prevalences of LBP and neck pain, it is difficult to discriminate between primary and secondary prevention. 4 Tertiary prevention is targeted at reducing symptoms and/or preventing (further) symptoms and assisting the patient to cope with consequent disabilities. 3 Because the development of LBP and neck pain is assumed to be multifactorial (ie, individual, psychosocial and physical risk factors play a role), 5 6 preventive strategies vary widely.
The common strategy of ergonomic intervention is targeted at occupational risk factors such as lifting, physically heavy work, a static posture, frequent bending and twisting, repetitive work and exposure to vibration, 4 and can be divided into individual worker interventions, physical ergonomic interventions and organisational ergonomic interventions. 3 Prevention through individual worker interventions mostly consists of (1) physical exercise programs to improve strength/work capacity, (2) education, instruction or advice on working methods or lifting techniques, or (3) lumbar supports or back belts. 6 Systematic reviews have shown that with the exception of exercise programs, 7e9 none of these strategies are effective in preventing LBP. 8e12 Evidence on the effectiveness of training to prevent neck pain is inconclusive. 13 14 Prevention through physical ergonomic interventions consists of redesigning the workplace (ie, providing lifting aids and new equipment, and modifying workstations), while prevention through organisational ergonomic interventions encompasses more changes at the system level (ie, job rotation, modifications to the production system, and job enlargement). 6 Previous reviews have shown that there is insufficient evidence of the effectiveness on LBP prevention of the application of physical or organisational ergonomics. 5 15 16 Regarding the effectiveness of physical and organisational ergonomics to prevent neck pain, Brewer et al found mixed evidence for the effectiveness of arm supports, alternative keyboards and rest breaks. 14 Boocock et al concluded that there was moderate evidence that workstation equipment (mouse and keyboard design) and workstation adjustments were effective (ie, modified lighting, new workplaces, changed office lay out and new software application led to positive health benefits among video display unit workers with neck pain). Despite the promising results on video display unit workers, insufficient evidence was found to support the use of What this paper adds < Ergonomic interventions are usually not effective for preventing or reducing low back pain and neck pain among non-sick listed workers. < Ergonomists should pay more attention to compliance and researchers should improve reporting on compliance. < The effectiveness of ergonomic intervention should be confirmed by future randomised controlled trials.
ergonomic equipment among manufacturing workers with neck pain. 13 In recent years, several randomised controlled trials (RCTs) on the effectiveness of physical and organisational ergonomics on LBP and neck pain have been conducted and so an up-to-date systematic review seems warranted.
The objective of this systematic review is to investigate the effectiveness of ergonomic interventions (physical and organisational) in reducing the incidence/prevalence and intensity of LBP and neck pain among non-sick listed workers.
METHODS

Search strategy
With the help of an experienced librarian, the medical electronic databases Pubmed, EMBASE, PsychINFO and the Cochrane Central Register of Controlled Trials, and the database of the Cochrane Occupational Health Field between September 1988 and September 2008 were searched. The sensitive search for RCTs and the search for LBP and neck pain used terms recommended by the Cochrane Back Review Group for searching Medline and EMBASE. 17 Search strategies in other databases were as close to the sensitive strategy as possible. Verbeek et al found that no single search term was available to adequately locate occupational health intervention studies. 17 Because the terms of ergonomic interventions also vary largely, no search term for ergonomic interventions was added to the search. 'Musculoskeletal disorders' was included as a search term as this term may incorporate LBP and neck pain. Because 'intensity of discomfort' is frequently used to assess the prevalence of LBP and neck pain, the term was also added to the search. Two reviewers (MTD and KIP) independently screened the obtained titles and abstracts for eligibility. Studies were eligible when all four inclusion criteria (see below) were met.
Inclusion criteria
Inclusion criteria were as follows: < The study was an RCT. < The cohort studied was a non-sick listed working population. < The intervention met the definition of a physical or organisational ergonomic intervention, that is, the intervention is targeted at changing biomechanical exposure at the workplace or at changing the organisation of work. < The outcome measure included non-specific LBP or neck pain incidence/prevalence or intensity of pain. Studies on neck/ shoulder pain were considered as neck pain studies.
Exclusion criterion
The exclusion criterion was as follows: < Individual worker interventions. When inclusion or exclusion of a study could not be decided on reading the title and abstract, the full article was retrieved and checked for inclusion. A consensus meeting with a third reviewer (AJvdB) was arranged to sort out disagreements between the first two reviewers. Finally, the reference lists of eligible RCTs and relevant review studies were checked for relevant citations.
Risk of bias assessment
Using the 12 criteria of the Cochrane Back Review Group, two reviewers (MTD and KIP) independently assessed the risk of bias of the included RCTs. The list and the operationalisation of the criteria are described elsewhere. The criteria were scored as 'yes/ no/don't know'. If necessary, a consensus meeting with a third reviewer (AJvdB) was arranged to sort out disagreements between the first two reviewers. Subsequently, results of the risk of bias assessment were sent to all first authors and they were asked to provide additional information on the criteria scored as 'don't know'. The first authors were also asked to provide additional information on any positive or negative scores they disagreed with. RCTs were considered as having a 'low risk of bias' when at least 50% (six) of the 12 criteria were met, otherwise they were considered as having a 'high risk of bias'.
Data extraction
One reviewer (MTD) extracted the data by using a standardised data extraction form. Information on study design, randomisation level, population, follow-up period, measurement tools, statistical analyses, outcomes and effect sizes was extracted. The second reviewer (KIP) checked all data extracted. In case of disagreements, a third reviewer (AJvdB) was consulted. If data were missing, first authors of the studies were contacted and additional information was requested.
Data analysis and the GRADE approach
A meta-analysis was performed among studies that reported on the same outcome and had a similar duration of follow-up, that is, short term (closest to 6 months) or long term (closest to 12 months). For studies with a follow-up period of more than 12 months, the final measurement was used in the meta-analysis. If studies compared more than one ergonomic intervention with a control, each ergonomic intervention was analysed separately. To avoid double counting of studies, only the effects of the ergonomic intervention with the largest effect size were included in the meta-analysis. For comparisons of dichotomous data (eg, incidence/prevalence), if not provided, risk ratios (RR) with a 95% CI were calculated. For comparisons of continuous data (eg, pain intensity) standardised mean differences with a 95% CI were calculated. The random effects model was used. All analyses were conducted using RevMan 5 software.
The GRADE approach was used to classify the overall quality of the evidence. 18 19 For each specific outcome the quality of the evidence was based on five factors: (1) limitations of the study referring to the risk of bias for the results across all studies that measure that specific outcome, (2) consistency of results, (3) directness (generalisability), (4) precision (sufficient data) and (5) the potential for publication bias. The overall quality of evidence was considered to be high if multiple RCTs with a low risk of bias provided consistent, generalisable results for the outcome. The overall quality of evidence was downgraded by one level if one of the factors described above was not met. Likewise, if two or three factors were not met, then it was downgraded by two or three levels, respectively. Thus, the GRADE approach resulted in four levels of quality of evidence: high, moderate, low and very low. In case of only one study measuring an outcome, data were considered to be sparse and inconsistent and the evidence was labelled as 'low quality evidence'.
RESULTS
Study selection
The computer generated search resulted in 2654 references in Pubmed, 404 in EMBASE, 62 in PsychINFO, 206 in the Cochrane Central Register of Controlled Trials and 23 in the Cochrane Occupational Health Field. After exclusion of the duplicated references, both reviewers (MTD and KIP) read 3067 titles and abstracts. Disagreements were resolved in a consensus meeting. The most important reasons for exclusion were: the study was not an RCT, the study population consisted of sick listed workers, and the outcome measure was not LBP or neck pain incidence or intensity. Hand searching of the reference lists of relevant review articles did not result in any new articles. Finally, 10 studies were included in this systematic review (figure 1).
Risk of bias assessment
Before contacting the authors, 52 risk of bias criteria were scored 'don't know'. After authors had provided additional information, 16 risk of bias criteria were still scored 'don't know'. Table 1 shows the risk of bias assessment scores for the included studies. Seven studies were classified as 'low risk of bias' and three as 'high risk of bias'. Few studies were able to keep the participants blinded for the intervention (criterion C), and only one study was able to successfully blind the care provider (criterion D). Some studies did not report at all or reported insufficiently on these criteria. Blinding in workplace settings is not really possible, 30 so there is always a potential risk of bias in this field. No study blinded the outcome assessor (criterion E) seeing that self-reported subjective experience of pain was the outcome. Further, most studies did not report on the use of co-interventions or compliance with the intervention. Table 2 shows the characteristics of the studies included. The number of participants varied from 59 to 627. 22 28 All studies, except two, were conducted in an office environment. 20 26 Nine interventions were classified as physical ergonomic interventions, and one as an organisational ergonomic intervention. 23 The study of Haukka et al was classified as a physical ergonomic intervention because the participatory ergonomic programme predominantly resulted in adjustments to the workplace or new equipment. 20 Five studies were conducted on workers with and without symptoms, 20 22 26e28 three on workers with symptoms, 21 23 29 and two on workers without symptoms. 24 25 The duration of follow-up among studies varied from 6 weeks 28 to 2 years. 20 21 23 26 27 One study reported on LBP only, 21 five on neck pain only, 23e27 and four reported on both LBP and neck pain. 20 22 28 29 Measurements used to determine incidence/prevalence among studies varied, and included using a manikin to identify the body region, 20 the use of medication for symptoms, cut-off points on self-reported discomfort or pain intensity scales, and/or subsequent diagnosis by a healthcare provider. 22 24 25 27 Measurements for pain intensity also varied, and some studies used a visual analogue scale (VAS), 21 23 25 a 5-point Likert scale 26 or a 10-point discomfort scale. 29 One high risk of bias study (N¼85) showed that a physical ergonomic intervention (ie, workstation intervention) was not effective in reducing LBP and neck pain intensity in the short term. 29 However, the study only performed within-group comparisons and did not perform any between-group comparisons. As the authors did not respond to our request to provide additional information on between-group comparisons, this study was excluded from the analyses of this review.
Study characteristics
LBP incidence/prevalence Short term
Two studies with low risk of bias (total N¼1131) 20 22 and one study with high risk of bias (N¼59) 28 evaluated the effectiveness of an ergonomic intervention on LBP prevalence. The participants included in these studies consisted of workers with or without LBP at baseline. The physical ergonomic interventions studied included ergonomic training incorporating workplace adjustments for university employees, 22 a participatory ergonomic programme instituting workplace changes for kitchen workers, 20 and computer workplace adjustments for call centre workers. 28 The quality of evidence on LBP prevalence was downgraded with two levels. The results were inconsistent because in one study LBP prevalence decreased, 28 while in the two other studies LBP prevalence remained the same. 20 22 The results of the pooled data were indirect, because the effect was largely determined by the high weight (87.7%) in the meta-analysis of one study conducted on kitchen workers. 20 Therefore, there is low quality evidence from three studies (N¼1190) that there is no statistically significant difference in the reduction in LBP prevalence in the short term (RR 1.03; 95% CI 0.86 to 1.22) between groups that received a physical ergonomic intervention compared to groups receiving no such intervention (figure 2a).
Long term
One low risk of bias study (N¼504) evaluated the effectiveness of a physical ergonomic intervention on LBP prevalence in the long term among kitchen workers with and without LBP at baseline. A participatory ergonomic programme was no more effective than no intervention on 2-year prevalence of LBP. 20 There is low quality evidence that a physical ergonomic intervention is no more effective than no such intervention at reducing LBP prevalence in the long term.
Neck pain incidence/prevalence Short term
Three low risk of bias studies (total N¼1487) 20 22 24 and one high risk of bias study (N¼59) 28 compared the effectiveness of a physical ergonomic intervention to no intervention on neck pain incidence/prevalence. The study of Gerr et al was evaluated as regards neck pain free workers, 24 while the three other studies included workers with and without neck pain. 20 22 28 Ergonomic interventions included ergonomic training incorporating workplace adjustments for university employees, 22 an alternate or conventional postural intervention with workstation changes for computer workers, 24 computer workplace adjustments for call centre workers, 28 and a participatory ergonomic programme consisting of workplace changes for kitchen workers. The quality of evidence on this outcome was downgraded with one level. The results were indirect, because the pooled effect was largely determined by the high weight (84.7%) in the meta-analysis of one study that was conducted on kitchen workers. 20 Therefore, there is moderate quality evidence from four studies (N¼1546) that there is no statistically significant difference in the reduction in neck pain incidence/prevalence in the short term (RR 0.93; 95% CI 0.84 to 1.03) between groups that received a physical ergonomic intervention compared to groups receiving no such intervention (figure 2b).
Long term
Two RCTs with low risk of bias (N¼686) 20 25 and one high risk of bias RCT (N¼206) 27 were identified. All the interventions under study were classified as physical ergonomic interventions and were conducted on workers with and without neck pain at baseline. Rempel et al compared the effectiveness of three ergonomic interventions among customer service operators (ergonomic training and trackball, ergonomic training plus arm board and ergonomic training plus trackball plus arm board) to ergonomic training, 25 and found that ergonomic training plus an arm board, even when combined with a trackball, was significantly more effective than the ergonomic training only. Among engineering staff, Conlon et al, however, did not find any significant differences when an alternative mouse, an arm board combined with an alternative mouse or an arm board with a conventional mouse were compared to a conventional mouse. 27 Haukka et al showed that a participatory ergonomic programme was no more effective than no intervention among kitchen workers regarding 2-year prevalence of neck pain. 20 The quality of evidence on this outcome was downgraded with two levels. Results were inconsistent and pooled data were imprecise, meaning that the width of the confidence interval of the pooled data made it impossible to support or refute the effectiveness of physical ergonomic interventions.
Therefore, there is low quality evidence from three studies (N¼892) that there is no statistically significant difference in the reduction in neck pain incidence/prevalence in the long term (RR 0.79; 95% CI 0.41 to 1.53) between groups that received a physical ergonomic intervention compared to groups that received no such intervention (figure 2c).
LBP intensity Short and long term
One low risk of bias study (N¼157) investigated the effects of a physical ergonomic intervention on the reduction in LBP intensity in the short and long term. Using a 2-year follow-up period, Lengsfeld et al showed that a new office chair with an electric motor underneath the seat to prevent prolonged sitting, was no more effective than the same chair without an electric motor. 21 There is low quality evidence that a physical ergonomic intervention is no more effective than no such intervention in reducing LBP intensity in both the short and long term.
Neck pain intensity Short term
Two low risk of bias studies (total N¼748) evaluated an ergonomic intervention. 23 26 One study investigated the effectiveness of an organisational ergonomic intervention among office workers, but found that rest breaks were no more effective than an informative brochure to reduce neck pain intensity. 23 A study of garment workers evaluated two physical ergonomic interventions: a chair with a curved seat and miscellaneous items, and a chair with a flat seat and miscellaneous items. Compared to a group with miscellaneous items (eg, a foot rest, storage box, side table, task lamp and reading glasses), both chairs were significantly more effective in reducing neck pain intensity. 26 The garment study showed, on a 5-point Likert scale, that the curved seat pan chair reduced neck pain intensity by 0.34 points, while the flat seat pan chair reduced neck pain intensity by 0.14 points. It should be noted that these significant results were found in a subgroup of 277 workers with neck pain at baseline, while a total of 480 workers were randomised to one of the three groups. The garment study did not describe the intervention effects among the excluded subgroup (N=203, without neck pain at baseline) or among the entire study population (N=480). The use of two different pain scales (continuous and categorical) and the use of different types of ergonomic interventions among the studies made a meta-analysis on this outcome impossible. In summary, there is low quality evidence from one study (N¼268) 23 that an organisational ergonomic intervention is no more effective than no such intervention in reducing neck pain intensity in the short term. Based on the significant reduction in neck pain intensity found in the garment study (N=277), 26 there is low quality evidence that a physical ergonomic intervention (ie, a chair with a curved or flat seat pan) is significantly more effective for reducing neck pain intensity in the short term than no ergonomic intervention.
Long term
One study with a low risk of bias (N¼182) evaluated the effectiveness of three physical ergonomic interventions among customer service operators (ergonomic training and trackball, ergonomic training plus arm board and ergonomic training plus trackball plus arm board) to no ergonomic training. 25 Ergonomic interventions that combined the use of an arm board support and ergonomic training were significantly more effective in reducing neck pain intensity than ergonomic training only. As regards the use of a trackball, no significant effects were reported on neck pain intensity.
Based on the significant reduction in neck pain intensity found in this single study, there is low quality evidence that a physical ergonomic intervention (ie, arm board support) is significantly more effective in reducing neck pain intensity in the long term than no ergonomic intervention.
DISCUSSION
This review investigated the effectiveness of physical and organisational ergonomic interventions on the prevention of and reduction in LBP and neck pain among non-sick listed workers. The findings of this review showed that there is low to moderate evidence that ergonomic interventions were no more effective than control interventions on short and long term LBP and neck pain incidence/prevalence, LBP intensity and short term neck pain intensity. However, we found low quality evidence that in the short term a physical ergonomic intervention (ie, curved or flat seat pan chair) was significantly more effective in reducing neck pain intensity than no ergonomic intervention. There was also low quality evidence that in the long term a physical ergonomic intervention (ie, arm board) was significantly more effective in reducing neck pain intensity than no ergonomic intervention. However, these findings were obtained from two studies only. 25 26 The results of the current review have to be interpreted with caution because of the limited number of studies per outcome, Figure 2 (a) Meta-analysis of three studies on physical and organisational ergonomic interventions compared to a control intervention in reducing short term low back pain prevalence. (b) Meta-analysis of four studies on physical and organisational ergonomic interventions compared to a control intervention in reducing short term neck pain incidence/prevalence. (c) Metaanalysis of three studies on physical and organisational ergonomic interventions compared to a control intervention in reducing long term neck pain incidence/prevalence.
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Total (95% CI) Total events Heterogeneity: Tau² = 0.00; Chi² = 1.93, df = 2 (P = 0.38); I² = 0% Test for overall effect: Z = 0.28 (P = 0.78) and the heterogeneity in populations (symptomatic and nonsymptomatic), interventions, controls and outcomes. The generalisability of the results to the entire working population is low, because the populations studied only consisted of office workers, garment workers and kitchen workers. Further, the results of the pooled data on short-term prevention of LBP and neck pain were dominated by a large study that was conducted among kitchen workers. 20 Moreover, almost all other studies were on neck pain and were conducted in an office setting evaluating physical ergonomic interventions (ie, work station adjustments). At present, RCTs on organisational ergonomic interventions to prevent and reduce LBP and neck pain are lacking. Despite the limited number of included RCTs, this review provides solid epidemiological evidence of the effectiveness of ergonomic interventions on LBP and neck pain.
Findings compared to other reviews
The conclusions of the current review differ somewhat from those of other reviews. 4 13e15 Compared to previous reviews, this one specifically focussed on LBP or neck pain, while others included a larger variety of symptoms (ie, neck/upper extremity pain, upper extremity musculoskeletal disorders or visual symptoms). Further, this review excluded study designs other than RCTs and excluded individual worker interventions. Moreover, none of the other reviews performed a meta-analysis and none used the GRADE classification system for levels of evidence.
Explanation of the findings
A number of factors may explain the results found in most studies. Due to the small sample sizes, there is a lack of power to detect positive effects. A meta-analysis was conducted that increases the power, but the results of the meta-analysis showed no statistically significant differences in effect. Six studies used relatively short follow-up periods that varied from 6 weeks to 6 months and found no effect. This might indicate that followup periods shorter than 6 months are too short to measure an effect. Furthermore, longer follow-up periods make it possible to measure intervention sustainability 16 and enable identification of delayed intervention effects. More measurements during followup may also be needed as LBP and neck pain are both marked by periods of remission and exacerbation. 31 32 By using one or two follow-up points only, the incidence/prevalence of LBP and neck pain may be over-or underestimated. Therefore, more advanced study designs and statistical methods are recommended, for example studies with repeated measurements. 33 Furthermore, a considerable number of studies in this review included workers with and without symptoms at baseline, and as a consequence may suffer from prevalence-incidence bias. Symptomatic workers at baseline may recover during follow-up, while workers without symptoms at baseline may in time develop LBP and neck pain. Further, because baseline pain intensity scores were low, little room was left for improvement on pain intensity scores. 34 35 Another reason that no effect was found may be related to exposure to occupational risk factors for LBP and neck pain. In their conceptual model, Westgaard and Winkel hypothesised that the implementation of an ergonomic intervention may change workers' mechanical exposure and/or may affect the physical or psychosocial risk factors for musculoskeletal health, which in turn would lead to improved outcomes on musculoskeletal health. 16 In the current review, eight of 10 studies were conducted among office workers. All but two 21 23 ergonomic interventions were aimed at optimising workers' mechanical workload, which in turn would reduce the physical risk factors for neck pain. The most important physical risk factor for neck pain and upper limb symptoms is repetitiveness combined with forceful exertions. 36e38 However, exposure to such a physical load among office workers is very small. Psychosocial factors may also play a role in the onset of neck pain among office workers, 5 but none of the ergonomic interventions were targeted at the psychosocial workload.
Another possibility is that the ergonomic interventions did not target the most important risk factors. However, the issue of risk factors for LBP and neck pain is still poorly understood, particularly which risk factors are most likely to change through ergonomic interventions. In addition, risk factors outside the workplace may not be affected by ergonomic interventions. 39 Despite the fact that an RCT should control for unforeseen factors, according to some researchers, the work life environment may be too complex for such control. Although we agree that other study designs can add to our knowledge of the mechanisms of ergonomic interventions, in our opinion the RCT design is the gold standard to evaluate the effectiveness of ergonomic interventions. The view that RCTs are only applicable in occupational health settings and to ergonomic interventions is debatable because cross-contamination between workers in intervention and control groups can easily occur. To avoid contamination, randomisation at the workplace level (department or firm) is recommended. 40 In our review, only two studies performed a socalled cluster randomisation procedure. 20 23 Finally, it may be that workers were not compliant with the ergonomic intervention. An intervention may be perfectly designed, but high compliance is still very important for its effectiveness. 41 From the scoring of the methodological quality criteria, it appeared that most studies had either insufficient levels of compliance or did not report on compliance at all. Reporting on this criterion is, therefore, strongly recommended. To increase worker's compliance, the use of an appropriate implementation strategy may be beneficial. 42 For instance, among floor layers an adequate implementation strategy was effective in reducing severe knee problems. 43 Furthermore, to improve interventions, authors mentioned that the combination of quantitative studies with qualitative studies would be worthwhile in order to examine participant's experiences with the intervention and the intervention effects on different subgroups and settings. 30 Subsequently, the new insights into the working mechanism of an intervention could be used for the development of new ergonomic interventions.
Strengths and limitations of the review
One of the main strengths of this review is that we only included RCTs, which are the studies least susceptible to bias. Furthermore, this review performed a meta-analysis on the results of the ergonomic interventions.
The present review has some limitations. The aim of this review was to summarise the existing knowledge and evidence concerning the effectiveness of ergonomic interventions on LBP and neck pain. A systematic review is a form of observational research and, therefore, selection bias may have occurred. Even though a highly sensitive literature search was conducted, it is still possible that studies were missed in this review. Three studies evaluated more than one ergonomic intervention. To avoid double counting of these studies, we chose to include the most effective intervention from these studies in the metaanalyses. This may have influenced the results, leading to an overestimation of the intervention effect. If studies did not report risk ratios, we calculated them using uncorrected study data. This also may have led to an overestimation of the effect size. However, because we did not find a statistically significant difference in effectiveness, these biases can be excluded.
CONCLUSION
This review showed low to moderate quality evidence that physical and organisational ergonomic interventions were not more effective on short and long term LBP and neck pain incidence/prevalence, on short and long term LBP intensity, and on short term neck pain intensity than no ergonomic intervention. In the short term, a physical ergonomic intervention (ie, curved or flat seat pan chair) was significantly more effective in reducing neck pain intensity than no ergonomic intervention. There was also low quality evidence that in the long term a physical ergonomic intervention (ie, arm board) was significantly more effective in reducing neck pain intensity than no ergonomic intervention. However, these findings were obtained from two studies only. In conclusion, ergonomic interventions were usually not effective in preventing or reducing LBP and neck pain among non-sick listed workers. Updated information and services can be found at:
These include:
